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FHm{SIOB Panﬁéus d. duurarue_
1 = IDENTITY
1,1 Hdmennlature

1,11 Valid name

| Penaeus duorarum duorarun Burkhnroaﬂ., 19 39
1,12 Objective synonony

Phnaaua duorarum "Form A", Buﬁkanrnad, |
1939, Bull.Bingham oceanogr. Cnll., Vol.b,
11-62' 36' t!lt_figﬂi

1-2 Tunnnm
1.21 Affinities

Supragenaric(tn family aftar Haterman.and
Ghauﬁ, 1960)

Phylum.Arthrnpnda
Clase Crustacea
Subclass Malacostiraca
Series Bumalacostraca
Superorder Rucarids
Order Decapoda
Suborder Natantia
Seoction FPenaeidea
Family Penaeidae
Subfamily Penaeinae

Genexic

. Qenus Penasus Fabrioius, 1798, Suppl.
Ent. Syat.:355 455 Type species, by seleotion
by latreille, 1810, Consid.gén.Anim.Crust. |
-Lranhn.1n3;1102,422t Panaeus monodon Fabricius,
1798, Suppl.Ent.Syst.:408. Gender: masculine..

"Dafinitian

. Rostrum toothed dorsally and ?antra11y1
 Qarapace without longitudinal or transversze
suiuress servioal and orbito-—antennal suloi
and antennal carinae always present. Hﬁpatiu

. and antennal spines pronounced, pterygéstomial '_
Telson with deep median sulous;
without fixed subapical apineas, with or without
Firast antunnular geg- -

angle rounded.

- lateral movable apines.
ment without & spine on ventral distomedian

~ border,

paoe, Maxillulaxy palp with 2 or 3 segments,
 ususlly 3. Baeial spines on lat and 2nd pereio-
pods; exopods on let 4 perelopods, usually

present on 5th.
with thin median lobes with or without distal

protuberancesy

tal segment subtriangular or ovold, bearing
~ mamerous apines,
. terior process, variable in shape, lying be-
tween the ocoxae of 4th pereiopods; with or with-=
_out lateral plates on sternite XIV. Pleuro-
~ branchias on somites IX to XIV: a rudimentary
1arthrﬂbranﬁh on somite VII, and a.postariur |

“end in & cluster of minute teseth.

. 255 and 256.

"frnm Williams {1965) s

"~ dian plate.

diua of the genus Penaeus,
" olosely related Penasus brasiliensis Latreille
‘and Penaocus agtecus lves were considersd a

 _aingIa gpecieon- IF

Antennular flagella shorter than. oafa- ”

Potasna synmetriocal, pnd-lika-:u

lateral lobes often with thiugﬁﬁé
Appendix masculina with disp-

Thelyoum usually with an an~ -
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sl

| . | arthrohranﬁh on aumita XI11;

 ' on somitea VII to XIil.
- oonsisting of & prinuipal tooth followed by a

mastigobranchiae
Zygooerdiac osslicle

longitudinal row of smaller teeth which of'ten
Body glab-

rous. (After Dall, 1957, alightly modified by

- Péresz-Farfante.)

Spanifin.

The holotype and syntypes of Penaeus duo—
yarum (1 male and 2 females) are -in the Bingham
Oceanographic Collection of Yale University, New
Haven, Conneocticut, U.S5.A., catalogued B.O.U.
Theae speoimens were taken off
Alabama, U.S.A., ATLANTIS Station 2813 in 37 u
of water on Harnh 20, 1937 (ParazéFarfanta, o

 1969).

The fullnwing diagnoaia of P, dunrarum is
"Female with thef?
composed of two broad lateral plates, and a.ma-
Posteromedian part of median plate
of mdult with a well-developed, short, longi-

. tudinal carina extending anteriorly toward

roughly semicircular, ooncave anterior poriion.
Lateral plates produced medially to meet in mid-
line, except varliably divergent at anteromedian
uornerﬂ, thus axpnaing oarina of median plate.

...Petaama of male with diatal oends of

distoventral lobes curved medially, not projeot-

ing free of distolateral lobes;  external edge
of distoventral lobes with a sexrles of 2 to 12,
usually 4 4o 7, small spimules; umsdian or at-

tached edge of distoventral lobes with'a com-

paot group of 6 to 16 large, long, sharp, ocurved
spines; fold of distolateral lobe rather small

~ end armed inuunﬂpiﬂunuﬂly if at all."

For a.kay to the waatern Atlantic species
of the genus Penaaua, sec Pérez~Farfante [1969)

| 1 22-Ta:nnnmiu statua
f  PBnaﬂua duorarum is one of about 28 spe-

P, duorarum and the

brasiliensis) before the tax-
onomic raviainn'basad on morphologiual differ-

N ences hy Burkanrnad (1939)

1.23 Subapanina

L PérazéFarfanta (1967) divided P. duorarum
intu the subsapecies P. duorarum duorarum and
P. duorarum notialis, The basis for the divi~

pion was given by Pérez-Farfante (1969) as fol=~
- lowas
western Atlantio and the Gulf of Mexico/ has the
~ dorsolateral sulous narrower than P. duorarum

notialis from the Caribbean Sea, the Atlantio
- Goaat of South America, and Africa,

"P duorarum dunrarum‘Zf}nm the northe

_ _ Burkenrcad
(1935) was the first to point out this difference

between the two and called the former ‘Form A%,
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and the latter 'Form B'. Biometric studiss
have indiocated a statistically esignificant dif-
ference in the ratio (K/S) of K (height of the
keel) to 8 (width of the sulcus) between those
populations,"” K/S ranges from about 2.5 to
15.5 (mode 4,5) in P.d.dyorarum, and from 0.25
to 3.0 {mode 1,75) in P .d.notialis.
ths third perelopod "ig prnpurtiunataly shorter
in P, d. duorarum than in P. 4. notiaglip"
(Pérez—Farfunte, 1969). She noted furtiher that
"overlapping is very limlted"” and the two sub-
species "do not seem to mix acrosa the CGulf
Stream" (Péreg-Farfante, 1967).

| Pérez-Farfante, therefore, equated P.4d,
duorarum with Form A and P.d.notialis with
¥orm B, In this synopsis, the discussion is re-
stricted to P.d.duorarum of the northwestern
Atlantic and Gulf of Mexico, Information con-
cerning P, duorarum, or Form A, from these geo-
graphio areas is considered raferable to P.d.
duorarum. .

l.24 Standard common names, verna-
cular names

Standard common

names: U.5,A.t pink shrimp
| Mexicos oamarén rosado
Vernacular > 381 blue-tailed shrimp, brown

spotted shrimp, channel shrimp, grass shrinmp,
green shrimp, grooved shrimp, hopper, jumbo hop-
per, pink grooved shrimp, pink night shrimp,
Pink spotted shrimp, red shrimp, spot shrimp,
gepotted shrimp, akippar'(U.S.A.s

The common name "pink shrimp" in this syn-
opeis refers only to the subspecies P.d.duora-

TUm .

1.3 Morphology
1,31 External morphology

Figure 1 is & lateral view of an adult pink
shrimp. The following description is from
Williame (1965). "Integument thin, polished,
translucent. Carapace with a median c¢carina con-
timious anteriorly with rostrum and extending
nearly to poaterior border of carapace flanked
on each side by & broad, rounded groove; pos—
terior half of carina with a median longitu-
dinal groove; anterior half arcuate, highest
above orbit and with 9 or 10 sharp teeth; pos-
terior tooth remote from others, anterior 6 or
7 on rostrum proper. Lower margin of rostrum
with 2 $0 3 teeth (occasionally 1l); tip slen-
der, horizontal or direoted slightly downward,
unarmed. Anterior margin of oarapace with
strong antennal spine on carina extending back-
ward nearly to well-developed hepatic spine,
Cervical groove extending halfway from hepatic
spine to dorsal carina. A subhorizontal suture
below hepatio ﬂpinﬂ, end a groove extending from
near heratic spine tc near base of nuular pe-—
duncle. An orbital ridge bshind eye.

In addition,

"Abdomen with segments four to six oari-
nate, carina of sixth ending posteriorly in a
spine and flanked on each side by a narrow
groove. Telson with deep median grnovﬂ and
acuninate tip."

The color of pink shrimp varies with lo-
callty, diel period and age. Shrimp in coas-
tal areas of Florida are green, brown, or red-
dish; on the offshore Tortugas (Florida) end
Campeche (Mexico)} grounds, colors range from
pale ross io deep pink (Idyll, 1964). Along
the northern coast of the Gulf of Mexioco, le-
mon yellow is common { Anderson, 1962). Day-
night color differences were observed in south
Texas; at sunset, shrimp beoame bright red
(Hoese et sal., 1965) Juveniles and young
adults are gray, reddish brown, or bluish gray,
end older individuals are red, pinkish, dlue
gray, or almost white (Williams, 1965). A
spot (gray, blue, purple, red, or brown) may
or may not be present at the pleural junoture
of the third and fourth abdominal aagmanta
(Anderson, 19625 Williams, 1965).

The morphology of pimk shrimp changes
during growth, Several perts and appendages
become shorter in proportion to the carapace
langth; 1l this break is distinct in females at
about 108 mm total length? and in males at

~about 96 mm total length (Drucker, 1960).

Williams {1965) reported the rostrum to be
"relatively shorter and deeper in old imndivi- |
duals than in young ones. It extende to the end

- of the basal antennular article in average-sized

adults,”
{ See also 1.21,.1.23, and 3.11,)
N 1.33__Prﬂtein specifioity
Leone and Pryor (1952), who made serologi-

cal comparisons of the blood proteins of three
species of shrimp - pink, brown (Penaeus aztecus

~ Ives), and white {(Penaeus setiferus (Linnaeus

- from Noxrth Carolina, placed pink and brown
shrimp closer to each other than either is to
the white shrimp. Serologiocal differences sup-—
port the theory that these three specles are

~distinet but olosely related,

.1Garapace langth is & head-length measurement

taken from the orbital notoh inside the orw
bital spine, in a line paraliel to the
lateral rostral sulous, to the postsrior
margin of the cephalothorax.

Total length is measurement taken from the tip
of the rostrum %o the tip of the telson with
abdominal aegmanta extended in a straight
1ins. .
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2 DISTRIBUTION

2el Total area

The world distribution of P.d.duorarum
(Pig.2) is restricted to the northwestern Ad-
lantic and the Gulf of Mexico (Atlantic, N.W.
~ ANW; Atlantic S.W. - ASW) — see Pérez—
Parfante (1969). This subspecies inhebits
ocoastal waters of land areas 240, 230, and
31l of the FAD disiribution code {Holthuls
and Rogas, 1965). P.d.duorarum is found in .
Bermida and along the Atlantic coast of North
America from lower Chesapeske Bzy +o mouthern
Floride, and into the Gulf of Mexico. The
range extenda along the Gulf coast into Mexi-
can coastal waters and terminates slightly
south of Cabo Catoohe at Islc Mujeres (Pérez-
Farfante, 1969). P.d.duorarum, as Form A,
wag Blso found at the Doubleheaded Shot Caye

in the Straits of Florida (Burkenroad, 1939).

P.d.duorarum is most plentiful whers the
Continental Shelf is broad and shallow, -and

where coastlines are characterized by shallow

bays and estuaries. Highest concentrations
are in the eaatern and southeastern Culf of
Mexico, adjacent to the Florida and Yucstén

Feninsulas.

2.2 Differential distribution
2,21 GSpawn, larvae and juveniles

Pink shrimp epawn offshore. The
demersal eggs wers found from about 10 to
64 km off the west ococast of Florida in 4-

- to 38- m depths (Eldred et al,, 1965). The
distribution of eggs on the Tortugas Shelf
(Florida) was not observed direotly, but the

- spawning grounds, determined from larval
distribution, ranged from 1% to 48 m in

- depth (Jones et al,, in press). Spawning

~was year around and the center of activity
and intensity varied seasonally, -

"After hatohing, the larvae are planktonio

and move shoreward, apparently following an

indireot route determined by ourrents (Munro,

Jones and Dimitriou, 1968), Newly hatched
larvae had their greatest abundance in the
spawning area on the Tortugas Shelf, whereas
gtlarvae were abundant near the coast
Jones et al., in press), Postlarvae snter
gouth Florida estuaries throughout the year;
the greatest numbers were taken in spring,

summer, and autumn (Roessler, Jones and Munro,.

1969; Allen, Hudson and Costello, ¥S). 1In
other areas studied, the annual influx of
.postlarvae wap similar io that in south
Florida, but generally more restricted

(Bearden, 1961; Joyce, 196%Y; Eldred et al,.,

2:1

__'—"—“-"—-—_—_——-—-—_——-_—————____“_—________

19653 Copeland and Truitt, 19663 Christmas,
Gunter and Musgrave, 1966; Williams, 1969).
In North Carolina, for example, Williams
found that postlarvae usually enter the es-
tuaries from May through November.

Juvenile pink shrimp inhabit occastal
bays and aleo astuaries that penetrate
deeply into the mainland (Williams, 1955a}
Tabb, Dubrow and Jones, 1962; Joyos, 1965).
They also have been found in the Gulf of
Mexioo west of Key West, Florida, in the

ragssy shallows near the Marquesas Keys
?Inglegﬁ}al., 1959), Acoording to Eldred -
1962), "Very small individuals prefer the
very shallow, protected, relatively calm
areas near the shore....” They ocour year
around in Tampa Bay, Florida, whera numbers
are greatest in the summer and autumn
(Eldred et al., 1961), A similar seasonal
distribution was noted in Florida Bay
(Cuatellu, Allen and Hudson, MS), and in
North Carolina estuaries (Williams, 1955a).

As juvenile pink shrimp grow, they
move gradually into deep water {Iversen angd
Idyll, 1960). Juveniles and young adults
(58 to 101 mm total length) marked and |
releassd in northeastern Florida Bay in 2 =
of water appeared, within a few months, as
adults (87 to 155 mm total length) on the
Tortugas grounds in depths of 17 to 44 m

- (Allen and Costello, 1966).

(See also 3.23,)
2,22 Adulte

A few pink shrimp remain in south
Florida estuaries after they become adults,
but most move offshore (Iversen and Idyll,

19603 Allen and Costello, 1966), The sigze
of shrimp on the Tortugas grounds inoreasges
with depth (Ivuragn, Jones and ldyll, 1960)
and the greatest concentrations are betwsen
9 and 45 m (Kutkuhn, 1962a), Thess shrimp
are rare at depths greater than 51 m |
(Hildebrand, 1955), but a few have been
taken at depths to at least 110 m and
specimens of P, duorarum, subspeoies
unknown, were oaught at depths as great as
366 m off the western edge of the Great
Bahama Bank ( Anon., 19613 1962),

The biomass of Tortugas pink shrimp,
generally, is least in the spring and
summer and greatest in the autumn and early
winter (Kutkuhn, 1962a), Annual fishable

~ biomass from 1956 to 1959 wae fairly |
‘uniform, but with a elight downward trend,

(See also 4122, 4,24, and 5,31)
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The disiribution of pink shrimp may be
limited by ealinity, temperature, and substrate
- (Williams, 1965). Details of these and add-
itional facltors are given here,

- Temperature: Spawning temperaturea (see
3.,16) are apparently eritiocal and mey deter-
mine area of spawning and subsequent distribu~
tion of shrimp populations (Eldred.gi1§l.g |
1961). In North Carolina estuaries, the
majority of samples oontaining postlarvae.
were collected at water temperatures between
23° and 28° ¢ (Williams and Deubler, 1968),

| Temperatures required for survival of
pink shrimp may vary with locnlity., In North
Carolina estuaries, juveniles have been
~oollected in water temperatures ranging from
4% to 34° ¢ (Williams, 1955a), These shrimp
beoame narcotized by the cold at 10° ¢
ﬂ("illiEMHj 1955),. and in severe winters most
of the shrimp popwlation in eatuaries may |
"~ dis (Williamms, 1965), Death caused by low
temperatures may be relatively unimportant

in the warmest parts of the species range
because none has been reported. In Florida,
shrimp have been collected within the range
109 to 35,5° O3 thy were narcotized at 113, 3°
¢ (Fldred et al., 1961), These authors stated
that juveniles move into deep water with the
ongset of oold weather, |

Mortalities attributed to high temper—
1&tures have not been reported, -

Salinity: Salinity requirements or
preferences vary with geographic area and
shrimp size, Minimum salinities associated
with pink shrimp, (irrespective of size) are
as followe: '"no measurable salt (uairg stand-
ard hydrometera)” in the Florida Bay area .
(Tabb, Dubrow and Jones, 1962): less than -
1,0°/00 in the Caloosahatchee Bstuary, Florida
(Gunter and Hall, 1965);-0.64”Kuu in a north-

east Florida estuary (Joyce, 1965}; and 2,7%/oc0

in Mesquite Bay, Texas {Hoese, 1960), MNaximum

salinities recorded for waters with pink ahrimp-

are 60°/00 in the Upper Laguna Madrs, Texas
ESimmonB, 1957), and 70°/o0 in Florida

Tabb, MS),: Tabb, Dubrow and Jones (1962
oaught postlarvae in the Plarida Bag'area

at salinities ranging from 12 to 43 /o0,
Juveniles at salinities of adbout Q¢ to 47“/an |
and adults at salinities of 25 to 45°/na. |
Where adulis are conseentrated on the Tortugas
grounds, salinities range from about 16 to
38°%/00 szuraan and Idyll, 1960), - |

Juvenile pink shrimp can survive in -
waters having a wide salinity range, although
optimum salinities may be relatively high as
compared with thosé of white and brown shrimp
(Gunter, Christmas and Killebrew, 1964).

21

Young pink shrimp-tolerate low salinities
(Burkﬂnraad, 1939) but not for extended
periods of time (Joyoe, 1965), They were
most abundant in Texas bays at salinities
higher than 18°/oo {Gunter, Christmas and
Killebrew, 1964} and in Florida Bay at

“salinities from 30 to 50°/oo (Tabb, MS),

Observations ooncerning dietribution were
summarized by Hildebrand (1955) who con~
cluded that juvenile pink shrimp "prefer"®
ealinities qf_?ﬂ“/nn or more,

Values of temperature and salinity
should be considered together in evaluations
of the effects of either facior on pink
shrimp, Williams (1960) reported that the
survival of shrimp at low temperatures is
best at moderate to high salinities, Joyoe
(1965) noted that "The ability of shrimp
to withstand low salinities appears to
depend upon several factors..." whiagh
include temperature and perhaps the con-
centration of calaium ion,

- Gurrents: The distribution of pink
shrimp may be controlled to a great extent
by currents. C(oncerning larvae spawned on
the Tortugas grounds, Munro, Jones and
Dimitriou {1968) reported: "dispersal may
be effected primarily by the current whioh
leaves the Tortugas area through Rebegoa

- Channel, and enters the Florida Current in

the Florida Straits, Entry into the Florida
Current would result in rapid transit to

the area adjagent to Florida Bay." The
movement of postlarvae to estuarine waters
is effeoted by inflowing ocurrents {(Idyll and
Jones, 1965; Copeland and Truitt, 1966;
Hughes, 1969).: Juvenile pink shrimp.in
North Carolina estuaries concentrate near
inlets where tidal ourrents are moderate
(Wwilliams, 1955a), In south Florida waters,
Bome Jjuveniles "move seaward on the ebb
tides and back into the bays on subsequent
flood tides™ (Tabb, Dubrow and Jones, 1962),
Juveniles migrating to sea are carried by
ebbing currents (Burkenroad, 1949; Copeland,

~ 1965; Beardsley and Iversen, 1966; Hughes,
' 19695: | o _ |

Suhstratei The distribution of pink

shrimp follows olosely that of sand, shell~

sand, or coral mud substrate (Williams,
19655. The importance pof substrate type,

however, as related to food, cover, or some

less obvious factor has not been established,
Williams (1958) rsported that young pink
HQrimp in North Carolina estuaries are
"oonfined largely to areas near the mea
where the bottom is composed of ooarser

- materials." He noted that pink shrimp
oan burrow into extremely soarse substrates,
and in laboratory experiments, learned that

subadults prefer shell-sand and loose peat
substrates. Adults prefer caloarecus



L 1511 =

. FRm/S103 Penaeus d. duorarun | | . | - _ . }:L.

3 - BIONOMICS AND LIFE HISTORY

.3;11 Regfoduation
3.11 Sexuality

Fink shrimp are diceoious, Hermaphro-
ditism has not been reported., Males are
- distinguished from females by the presence
- of the male sex organ, the petasma, betwean
the 1et pair of pleopods. On the female, the
distinguishing external organ, the thslycumn,

lies between the 4th and 5S5th pairs of pereio-

pode. Figure 3 illustrates the petasma and
thelyoum, S

.. Female shrimp attain a greater size than
males, Williame (1955) reported: "There
is & eex pize disparity in adult P, duorarum
which is statistioally eignificant at mean
total lengths whioh exceed 100 mm," The
largeast female reported was 280 mm total |
length (Eldred, 1958); the largest male was
43 mm carapace length or about 197 mm total
length (Iversen, Jones and Idyll, 1960). In
large pink ehrimp, females have a greater
- ocarapace length than males of the same total
- length (Kutkuhn, 1966), = :

3,12  Maturity

__Fém&lﬁ-pink shrimﬁ may buunma'aexually-
mature at 85 mm total length and males at

74 mm (Eldred et al,, 1961), At these lengths,

estimated weights (Kutkuhn, 1966) are about
502 g for females and 3.5 g for males. .

'The dagraa of sexual maturity in female'
pink shrimp has been described by Cummings
(1961) as follows: | t - o

."Uhﬂuﬁthpad.atgga: ﬂﬁﬁriea flaooid,

small and transluoent

Developing stage: ~ Ovaries flaccid,
- — . larger than in
undeveloped mtage,
and white to pale
orange buff colour.

| -nearly'riré-atasﬁi f0vﬁriaH'B1i8h*lY I

turgid, large, and

glaucous oolor,

Ovaries gsama ag

‘Ripe stage:
. - nearly ripe stage,

~ova with peripheral
rod-like bodies, S

. Males "“i?h$19iﬂ#ﬂ'ﬂﬂﬂﬂpﬂda,an¢;averﬁa—5
tophores with spermatozoa®™ are considered
sexually mature (Eldred et al., 1961).

_(Sau also bauiiﬁn'd.iéi)

3.13 Mating

No observations desoribing ocopulation
are published, but it may ocour several
times during the life of a female {Idyll,
1964); this multiple oopulation would
indicate that pink shrimp are promisouous,

‘Sperm transfer probably is between & hard-

shelled male and a recently molted female

{Cummings, 1961).

3.14 Pertilization

Idyll {1964) desoribed fertilization in
pink shrimp, "Fertilization is external,
The male attaches a spermatophore to the

underside of the abdomen of the female,...

"Females bearing spermatophores are in

various setages of sexual development, The
- #permatophores are shed at eodysis,

"The genital pores of tho female open

~_at the bases of the third pair of pereio-
pods, After the eggs pass through these

pores they are fertilized by the sperma—
tozea storad in the thelycum.,™

| 3.15'_Gnnada

~ Cummings' (1961) report that ovary
welght increased with shrimp size suggests
that large femalesg proditce more eggs than
emaller ones, The number of eggs produced
per spawning is unknown, but a female of a -
related speociea-——a white shrimp 172 mm

- total length-—~contained about 860,000
~ eggs (Anderson, King and Lindner, 1949).

- Pink shrimp probably produce a similar
number of eggs during one spawning, and
Cummings (1961) indicated that they may

spawn nore than onoce during their lifetime,
3.16 Spawning

- The ratio and distribution of sexen
of adult pink shrimp on the spawning
grounds may vary seasonally (Broad, 1951,
Iversen, Jones and Idyll, 1960),

" The lnuﬁtiﬁn of the gpawning ground

~on the Tortugas Shelf (Florida) was gliven

by Jonee et al., (in preas). The oenter of
spawning shifted with the movement of adult
ghrimp from shallow to deep water as winter

" approaoched (Munro, Jones &nd Dimitriou,

1968}, FEldred et al. (1965) reported that
offshore from Tampa Bay, Florida, the .
location of intensive spawning varied from

- .one year to the next,

Seversl anvirnnmantal-fantnra_may'
influence spawning, Pink shrimp spawn -
throughout the year on the Tortugas Shel?
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but larval abundance is highest in the spring,
summer and autumn and lowest in the winter
(Janﬂalgilgl., in presa), In the more |
northerly parts of the range, the spawning

- Beagon may be shortear than in the southemn
portion (Williems, 1965; Joyoe, 1965).
Cummings (1961) noted a positive correlation
between temperaturs of bottom water and the
cccurrence of ripe shrimp on the Tortugas

grounds, Shrimp spawn on the Tortugas grounds

between 19,6° and 30,6° C (Jones et al,, in
press); activity ie maximum during the period
of highest bottom water temperatures (Munro,
~-Jones and Dimitriou, 1968), Eldred st al,
(1965}, however, found evidence that pink

shrimp spawn at temperatures as low as 16,1° C

and stated that "a rising temperature ies the
‘important faotor in triggering spawning e..."
On the Tortugas grounds, most spawning was
during the waning moon zHunrn, Jones and.
Dimitriou, 1968), Spawning in the laboratory
was "always in the very early houra of the
morning" (Bwald, 1965), | |

The female shrimp releases the fertilized
eggn freely into the water where they sink
Blowly to the bottom (Idyll, 1964).

Joyce (1965} showed ithat where pink,
white and brown shrimp ocourred itogether off
the northeast coast of Flerida, spawning times
overlapped during the warm months of the yaar.
Brown shrimp begin to spawn in February,
white ehrimp in April, and pink shrimp in May .

3. 17 Spaﬂn

Viable eggs measure from 0.31 to 0.33 mm
in diameter (Dobkin, 1961), They are opaque
and yellow-brown and the chorion shows a
blue hue under certain light reflections,

. The specifioc gravity of fertilized uggn
is slightly greater than water (Idyll, 1964).

3.2 Pre-adult phase
3.21 Embryonioc ph'as_a

‘The embryos develop in the fertilized

eggs that are extruded in the water, There
18 no parental oare, -

Dobkin (1961) provided a photomiorograph
of aggs in eeveral stages of development, and
noted that development of pink sghrimp may
be similar to that of Penasus japonious as
-_'nummariaed_hy Pearson il939f._ .

Dobkin (1961) desoribed hatohing as
follows: ™Prior to ite emergence, the
naupliue -oves its appendages convulsively
at short intervals, After the furcal spines
. punoture the egg membrane, the nauplius
~.emorges, posterior half first, by pushing

FRm/S103 Penasus d., duorarunm

againat the membrane with the first antennae
Emergence from the egg requires 2 to 3 min-
utes,” -

3,22 Larval phass

~ The larvae of pink shrimp were des-

- oribed by Dobkin (1961) who noted 5

nauplial stages, 3 proiozoeal stages,

and J myeis stages. PFigure 4, taken from
Dobkin, shows 8 4th nauplius, He reported
Bize of larvae in total length as follows:
nauplii, 0.35 to 0.61 mm; protozoeas, 0,86
to 2.7 mm; and myses, 2.9 to 4.4 mm.

Development time of the various stages

in the laboratory was reported by Ewald

(1965), He noted that the number of myais

- stages and the length of larval life varied

with water temperature and observed that
"Pink shrimp reared at 26° ¢ took a minimum
of 15 days to metamorphose whereas those

at 219 C took 25 dayS8.,.."

Nauplii subsist on yYolk granules in
their bodies, and active feeding begins in
the 1st protozoeal stage {Dobkin, 1961;

- Ewald, 1965). 1In the laboratory, larvae

were fed a mixture of unicellular algae
and marine yeast supplemented, in the 3rd

mysis stage, with nauplii of brine shrimp
(Artemia). | |

Larvae reared in the laboratory

- survived better in Gulf Stream water than

in water from Bisoayne Bay, Florida {(Ewald,
1965). Survival rates of larvas on the
Tortugas Shelf vary little and average 83

pﬂru§nt per day (Munroe, Jones and Dimitriou,
1968), . |

3.23 Adolesocent phasge
The postlarvae ¢f pink shrimp were

desoribed by Dobkin (1961); methods for
their identification were provided by

Williame (1959), Ringo and Zamora (1968),

and Chuensri (1968), The smallesti postlarva
reported from plankten by Dobkin wae 3.8 mm
total length; the smallest reared in the
laboratory by Ewald {1965) was 2.9 mm.

Ewald reported that the postlarvae rsared

at the lowest temperatures were smallent,

'Early'pnatlarvau are planktonio in

offshore waters (Jones ei al., in press).
The more advanoed ones enter the estuarise
~at. about 8 mm total length (Copeland and

Truitt, 1966; Allen, Hudson and Costello,
MS), although size at entrance varies with

 ‘season (ﬁatiaa,-1956)'and area (Tabdb, Dubrow

and Jones, 1962), They bsoome benthio at

-about 10 mm and concentrate in shallow

water where cover is adequate, Here, they

~ develop into juveniles, and density of
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Fig. 3 3ex organs of Penssus duorarus duorarum .
A. Potasma of male, 125 ma total langth (right lateral view)
B. Thelyoum ~f female, 125 mm tptal length (ventral view)

| nﬁ. 4 A ventral view of a 4th nauplium of Panasup dg orarum ducrarums.
o (From Dobkin, 1961) -
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individuals may exceed 32 per me (Costello,
Allen and Hudson, MS), |

Juvnnlla nhrimp are more ruhunt than
pantlnrvnn and. have prnportinnatnly'nhnrtnr

6th abdominal segmentm, Methods for identify-

ing juveniles were given by Williams (1953).

Pink shrimp, &8 juveniles and adults,

may epend from about 2 to at least 5 mo in the

shallow nursery areas (Costello and Allen,
- 1966), but as size inoreases, they move grad-

- ually toward deep waters., When shrimp migrntan

- from the sstuaries to the offshore waters,
 they average about 95 to 100 mm total length
(Joyce, 1965). Size at enmigration, however,

 varies with nennnn and arsa (Ivnrnnn and I1dyll,

19607 Eldred st al., 1961; Tabb, Dubrow and
_Jonnn, 1962* Cupalnnd, 1965) :

(See aleo 2.3.)
3.3 Adult Ehnnn |
o 3,31 ILnngevity.

(Sea 4.12.).

. 3. 32 Handinnnn

Juvenile and adult pink shrimp are hardy
animals capable of tolerating rough handling
~ without excessive mortality {(Costello and
Allen, personal observations), They may. be
taken in trawls from depths of 9 to 35 m,
~ held in tanks at the surface, and returned
%0 the bottom without undue loss, Costello
(1964) noted, however, the importance of
maintaining untnr temperatures below about
24.0° ¢ whnn holding them in tanks.

| Hhen pink shrlmp are transported in.
trucks in the live bait industiry, large
volumes of air are pumped into the water,
~Under these oconditions, they do not perish
- from air embolism due to excess bubbles in the
‘watsr, When held in bait tanks, pink shrimp
. are more hardy than white shrimp and less
- hardy than brown shrimp (De sylva, 1954 ).

- Like other nruntaceanﬂg Plﬂk nhrimp are
J:__ﬁaliﬂﬂtﬁ immndintaly fnllnwing ﬂﬂd?BiBw_"

333 Gnmpetitnrn

| Burkenroad (1939) nnggnntnd that pink
nhrimp are in interspecifio .competition uith
~ brown shrimp and Caribbean brown shrimp,
- Penaeus brasiliensis, He proposed that juv-

~oniles of these apecies had optimum salinity _]
- requirem-nts Hhinh dntnrm1ned npnuiﬁa dominanoce.

| by Area.,

Gnmpntitian between pink nhrimp and other
penasid spepies has been discussed by Williams

{1955), - Hildebrand. (1955), and Joyce (196¢
 Thesas inveatigators concluded that in the

- nntnnrinn, variations in hnbltntn nnnupind

FRm SlOz'Pannnun d. duorarum

by the different species in respect 10 wize
and seascon probably reduce competition,
Offshore, pink and white Bhrimp sometimes
ooocur at the game depths. Differences in
aubgtrate preference, food, and diel
behaviour, however, probably reduces COmpe-
tition there nlnn (Hlldnhrnnd, 1955}

3, 34 Prndntnra

- Fighes that prey upon pink nhrimp
under natural conditions inolude: snook
Centropomus undegimalis (Marshall, 19585;
apotted seatrout, Cynoscion nebulosus

'(Huﬂdy, 19503 T&hb 1961 Stnwart, 1961);

mangrove or gray nnnpper, Lut janus griseus
ECrnknr, 1962); toadfish, Opsanus beta
Woodburn et al., 195?)' red drum, Scisenops

ocellata (Ynknl, 1966); and blue oroaker,
‘Bairdiella batabana (Robins and Tabb, 1965).

We have found pink shrimp in the stomaohs
of king mackerel, Sgomberomorus navnlla,

- and mutton snapper, Lut janus ‘analis
(unpublished observations), Costello and

Allen (1962}, in tank experiments, found
mangrove snapper, red. grouper (Epinephelue
morio), and black grouper {Myoteroperca
bnnanij predacious on pink shrimp, - Undoubt-
edly, many fish not listed hnrn prny upon
pink shrimp,

Birdn, mammals, and reptiles that inhab-
it shallow estuaries are probably predators
of pink shrimp, but this matter is poorly

dqnumnnted

:__ Hn-hnvn.nbnnrved that pink shrimp react
in two ways when attacked by predators: (1)

~ baockward movement to avoid contact is aco-
~omplished by rapid contraoctions of the

abdominal muscles and sweeping of the uropcds

- and (2) the shrimp seek shelier nf any kind,

3.35% Parnniten, dinnannn, injurial N
- and abnormalitien |

The fnliuﬁing parnnitnn and dinennnn -

~ -havse been recgorded in pink shrimp:

lnnn Enbnntnriae¢ Pneudnmonan n-

. Pseudomonas was listed by Hutton (1964

ag 8 parasite in nhrlmp nlnng thn Flurida '
Hnst coast, - '

Glnnn Tninnpnnidunz Cnghnlnlnhnn:._

.”E“ asus Kruse; 1959, This gregarine was
- igolated from the digestive traot of shrimp

.:';(Krune, 1959} .

Kruse found 20.8 peroent of -
a sample infeoted with this parasite, It is

found in numerous Flnridn looalities (Huttnn,"'.

| -1964)

Hemntngain E Sprnsun, 1954. The
young forma of this gragnrine were isolated
from the intestine of shrimp (Kruse, 1959)
It cccure in numerous Floridn 1non11tiﬂa
lHuttnn, 1964) |
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Class Cnlidosporidea: Thelohania sp, Thia
parasite oopurs in musoles and body organe.
Kruse (1959) reported 1.9 percent infection
in 784 pink shrimp examined, and coneidered
this organism to be a aause of the "ootton"
or "milk" condition whioh mekes shrimp
unkooeptable for marketing in the United
States,

cola Bay, Florlda.

Thelohania duorara Iversen and Manning, .
1959, ‘Body muscle fiders and legs of shrimp
are infeoted by this organism which canaes
& milky color, The incidence of infeotion
ie low (Iversen and Manning, 1959}, but it is
fogn? in numerous Florida loocalities (Hutton,
1964). | |

Nosema nelsoni Sprague, 1950, This
organism, isolated from the body muscle tissue,
causes & cotton or milky appearance of shrimp
flesh, It has been reported in ehrimp from
‘Booa Ciega Bay, Florida (Hutton et al., 1959).

| Fpigiylis ap.  This ciliate was isolated
from shrimp in numerous Florida localities

(Hutton, 1964).

Class Trematoda: Parorghis sp. (tentative
identification), A metacercaria was taken
from one shrimp from Tampa Bay, Florida (Hutton
- &t al,, 1959.)- |

Hinfoghallua Exgmaaua.(Luvinsan; 1331)
Basr, 1943, Metagercariae of this trematode

were found in shrimp from numerous Florida
localities {Hutton, 1964).

Opecoelodes fimbriatus (Linton, 1934).

Mstacercarias were found in the hepato-panoreas,

nads and other soft tissues of shrimp
%;uttnn et al,, 1959). This tramatuda'nunuruf
in numerous Florida localities (Hutton, 1964).,

Class Cestoda: Pcixpnuughalua 8D,
(=Parataenia sp.). This vestode is found in

- shrimp from numerous Florida localities (Hutton,

11964). |

| Prochrigiianella penaei Kruse, 1959,

This organiem was isolated from the digestive
gland and tissues that surround the digestive
gland and stomaoh, This is probably the moat
common helminth parasite of pink shrimp. In

a sample of 137 shrimp, Kruse (1959) reported
97 percent infeoted, It is found in numerous
Florida looalities (Hutton, 1964), B

Paraghristianella monomegacantha Kruse,
1959, This parasite was isolated from the
digestive gland., The inoidence of infeation
is extremely low {Kruse, 1959), but it is |
found in numerous Mlorida localities {Button,

'1964). |

Found in Alligator Harbor and Apa.la_.oh;l.f-

Farachristianslla dimegacantha Kruee,
1959, This parasite, recovered from the
digeastive gland, ooccurs infrequently
(Kruss, 1959), but it is found in numerous

Florida looalities (Hutton, 1964).

Class Nematoda: Contracascum habena
(Linton, 1900) Linton, 1934, Immature forms
were taken from the hepato-pancreas, pylorlo
gland, oephalothoracic musculature, teates,
and ovaries, Incidence of infeotion was 11
percent (Hutton, Ball and Eldred, 1962).,
It 18 found in numerous Florida looaslitias

(Hutton, 1964). - |

- Pink shrimp are intermediate hosts for

the trematodes, cestodes, and nematodes
listed above,

Class Hexapoda (Insecta): An unidenti-
fied larva of the family Sarcophagidae was
fioted in the terminal ampoule of one
speoimen caught in Tampa Bay, Florida
(Hutton and Eldred, 1958). |

3.4 Hutritiun. and growth
3441 Feeding

© Feeding habits of pink shrimp were
determined from analyses of stomach oontents
by Eldred et al, (1961). Pink shrimp are
bottom feedera, and juveniles and young
adulte feed primarily in shallow waters
where marine plants grow. Although most
feeding is at night, shrimp may feed in the
daytime when the water is turbid,

- Peeding varies seasonally, Sastrakus-
umah (1970) reported that feeding aotivity
of juveniles in south Florida was minimal
in the late winter and summer, and highest
in September, Eldred et al. (1961)

Buggested that shrimp feed more in the

summer than in the winter,
3.42 Food

Idyll (1964) reported that pink shrimp
are omnivorous and aleso ingest inorganio

- detritus,

Ewald (1965) found that mioroplankton

- was sultable food for early larval stages
- reared in the laboratory.

Advanced larval
stages and postlarvae were fed nauplii of
brine shrimp (Artemia), and mieroplankton,

Sastrakusumah (1970) reported that
orustaneans and polychaetep are the main
foods of juvenile pink shrimp in south
Florida waters, He detected no difference

~ -~ in diet seasonally, or beiween small and

large speoimens,
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| Eldred et al., (1961) recorded the follow-
ing items from stomaohs of juvenile and adult
ehrimp from the Tampa Bay, Florida, area: sand,
 debris, algae, diatome, seagrass partiocles,
‘dinoflagellates, foraminiferana, nematodss,
polychaetes, ostraocods, copepods, mysids, |
isopode, amphipods, caridean shrimps, naridaan
eggs, mollusks and fish acales, -

Williams (1955) and Broad (1965) listed

~ Toods in shrimp mtomachs, but these listis

include items ingested by sevural Bpeoies of
Penasus .

3.43 GOrowth rate

| (rowth rates have been ocalculated or
efaiimated by & number of suthors. Thege rates
are reported as inoreases in weight or length
- per unit time, Length frequently is given as
~either oarapace length or total length, Orowth
- of larvae and postlarvas was observed under
laboratory oonditions, Estimates of growth
rates for juvenile and adult shrimp are based
on marking (release-recovery) data, and on
length-frequency distributions. For conver-
gions of various size measurements, sese 4,13,

Ratea of growth, as measured by length
increases, vary with size and sex (Iversen and
Jones, 1961) and water temperature (Williams,
19553 Teinsongruemee, 1965), As larvae, pink
shrimp inorease their total length from about

0,38 mm (nauplii) to 4.1 mm (postlarvae) in
2 to 3 wk (Dobkin, 1961; Ewald, 1965), F
o8 of juvenile growth range from about 7 to
52 mm total length per mo (Williams, 195%
Costello and Allen, 1959; Costello and Allen,
1961 Eldred et al,, 1961; Tabb, Dubrow and
Jones, 1962), w wheress monthly inorements of
.. subadult and adult shrimp range from O to
~ #bout 22 mm (Costello and Allen, 1960}
Iversen and Idyll, 1960; Iversen and Jones,
1961; Costello, 1963; Kutkuhn, 1966 Knight,
1966- HﬂCay nnd Brown, 1967). .

3.44 Hatnboliam

| Steed and Copeland (1967) reported that
the metabolio rate of pink shrimp in ses
water, as measured by oxygen oconsumption,

is lower than that of brown shrimp, W®hen

the animals were axposed to patrnnhaminal
waste, however, the metabolic rate of pink.

- 'shrimp inoreased, and that of brown uhrimp
danrunnad.

| Osmotio ragulation in pink shrimp ia -
influenced by temperature (Williams, 1960),
Pink shrimp adjust rapidly to galinity nhangan
in & normal range of temperatures, but at
lower temperatures, ragulation ie more
diffioult,

- Iayll and Jones, 1965),

Estimat~

of pink shrimp.

place a8 maturity approaches.
mentsa apparently'aru breeding migrations

Cobtello and Allen, 1966),
~the timing and direction of pink shrimp .

3,5 Behaviour

3.51 Migrationes and looal
- movements

The larvae of pink'ahrimp:nre'plnnk- |

~ tonic and move vertically in the water
- golumn, generally asoendin
- descending in the daytime
~in press),

at night and

Jones et l11|
As age inoreasnes, thénfnrvau
move farther frnm tha bnttnm.

For migratiuna of larvae as ralataﬁ to -
ourrents, see section 2, 3.

Migrations of pastlarfae also nrﬁlﬂ
effected by ourrents, In south Texas,
most postlarvae migrate into the bays

 "yhen the bays are being refilled aftasr
- previous seasons of low water"

(Cupaltnd'J

and Truitt, 1966), Migration into the

- nurpery grounds of south Florida is on the

flood tides (Tabb, Dubrow and Jonss, 1962
According to
Hughes (1969a), tidal transport of postlarvae

- may be initiated by the urgnniama' raaponua
to tidal salinity ahangua.

In the Everglades Hatiunal Purk, Juven-

| iles migrate usually at night on the ebbing

tides (Idyll, Iversen and Yokel, 1964)-
Further observations in the same area weare
made by Idyll, Iversen and Yokel (1966),
who reported, "periods of high relative

“abundance ogour in apring, summer and aarly

fall, ut ... inter-year varia:l::l.un is
considerabls," These authore noted that
the smallest shrimp usuvally appear when

relative abundanos is highest,

Several fauturs may cause migration
Tabb, Dubrow and Jones
(1962) suggested that juveniles move to
esoape unfavourable oonditions suoh as

- sudden reduotions in water temperature and

salinity, BExtensive movements from the
estuaries to the. uffahuru grounds take .
Thase move~

Allen, 1966), Tabb and

(Broad, 19513 -
61962 augguatad_that a hurricane

Joneg

~caused shrimp to move from south Florida

eatuaries to the offshore grounds sarlier

| and at a smaller Biﬁﬂ than uaual. |

| Juvenile ahrimp from tha Evargladus o
National Park migrate to the offehore
Tortugas grounds (Iversen and Idyll, 1960
Observations on

migrations from south Florida estuaries to
the Tortugas and Sanibel grounde were mads
by Costello and Allen {1966), who reported
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that juveniles spend from 2 to 6 mo in the
nursery areas bafore migrating offshore, Thesne
investigators noted that some marked shrimp
travelad at least 277 km before recovery on
the offghore grounds, and although migration
routss were broad, shrimp that left particular
seotions of the nursery grounds demonstrated

" distinot distributional patterns on the
offshore grounds, Onoce they reached the
offshore grounds, the shrimp generally ocontinued
to move into deep water (Iversen and Idyll,
19603 Costello and Allen, 1966).

Migration of pink shrimp in North Carolina
waters was reported by MocCoy and Srown (1967).
Movement cut of the estuaries apparently was
influenced by tide, In the cocean, migration
‘was southward along the ocoast,

(See also 2,21 and 3.23.)
3.52 Schooling

The movements and catches of the shrimping
fleet indicate that, at times, pink shrimp
may schoolj sohooling may be by size,

Stocke of pink shrimp probably mix
frequently. Costello and Allen {(1966)
reported some overlap between stocke of the
Tortugas and Sanibe)] grounds, Florida,

They stated, however, that "Apparently,
Tortugas shrimp do not migrate to the Sanibel
grounde and migration From the Sanibel to the
Tortugas grounde is miaimal,"

" Pink shrimp are taken frequently in trawl
catcheéns with peveral other mpecies of shrimp.
Williame (1955) obeerved that in North
Carolina, the seasone during which white
shrimp, brown shrimp and pink shrimp appear
in ths nursery grounds are fairly diastinotj
howédver, there is some mixing of postlarvae,
Adults mix wherever they oocur in the same .
general area, |

Vartiocal movements of pink shrimp were
reported by Costsllo and Allen (1968), who
obaserved shrimp in denee schools "near the
-surfaoe at night." Concerning night-time
vertioal movements of migrating juveniles,
Beardsley and Iverasen (1966) atated: "An
average of about 91% of the shrimp caught
on full moon tides were taken on or olose to
the surface}; only about 75% were caught in the
surface layvers during new and quarter moon
tides,. " |

3.53 Responses to stimuli
Environmental stimuli
Pink shrimp burrow into the substrate as

"a protective measure against predators and
adverse environmental conditiona" (Fuse and

Ogren, 1966), In the laboratory, they
have buried in sand to a depth of 15.3 om
(Fldred et al.,, 1961), The depth of
burrowing may be influenced by shrimp size
(Fuss, 1964), and bottom type (Williams,
1958). | |

The rEBpﬂnﬁﬁ of pink ﬁhrimp to light'_

.may vary with shrimp size or with light

intensity (Fues and Ogren, 1966). Larvae

hald in aquaria are positively phototrophio
(Ewald, 1965). In a natural environment,
however, the larvae migrate vertioally

away from the water surface during the

day (see 3.51), Juveniles respond posmi~
tively to moonlight by moving to the water
purface on the ebb tide {Beardsley, in presm).
Ordinarily, adults are buried in the sub-
strate during daylight and are active at night
(various authors), but juveniles and adults
may be aotive by day under conditions of
low light level (Eldred gt al., 1961).
Juveniles, moreover, tend to be more aotive
than adulte in the daytime (Eldred &t al,,
19613 Fass and Ogren,; 19664 Hughes{ﬂT?EB).
Fusa and vgren (19665 conaldered burrowing

- aotivisy a4 direct effsat of light at the

time of thé burrowing., Wiokham (1967) and
Hughea (1963), however, prasented avidenoe
that diurnal activity of juveniles and
young adults ia influenoced parsiy by
previous light-intansity experienoce,

Under laboratory conditiona, juvenile
shrimp showed nocturnal activity pesks
that probably were related to tidal rhythm
(Wiokhamy 1967). Aotivity of juveniles’
aleso may be affeoted by water movemsnt and
water hei{ght (Wiokham, 1967), and that of
juveniles and adults by feeding (Hughes,
1968), Hughes (1969a) found that salinity
affeoted the tide-assooiated movements of
postlarval and juvenile pink shrimp,

Tabb, Dubrow and Jones (1962) obaerved
that the oxygen depletion and buildup of
hydrogen sulphide that followed & hurrioane
caused pink shrimp to swim at the water

surface in full sunlight,

See 2,3 for responses to salinity and
ourrents, and 2,3 and 3,16 for effects of
temperature,

Artificial stimuli

Burrowed pink shrimp responded to
mechanical stimulation of their dorsal
body surfaces by burrowing deeper into the
subgtrate {Fuss, 1964). Continued agitation
of the dorsal surfaces or stimulation of the
animals' sides caused the shrimp to hop |
vertioally out of the substrate,

Photo-oriantation of juvenile and young
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adult shrimp was studied by Jaohowski and - Fleatrioal stimulil

 Myrbverg (1968), The shrimp were attraoted |

“more frequently toward light than toward o Pink shrimp, mostly adult, subjected to
daerkness, and toward higher intensities and - interrupted direot current, responded by

- longer wavelengthe than toward lower intensi- flipping,. tail first, toward the anode
ties and shorter wavelangths. Maximum (Higman, 1956). This galvanotaxio reaction,
srtificlal photemotivation of juveniies and affeoted by shrimp size and position, pulse
young adults was during the full moon, min~ width and water temperaturs, ocauses pink
imum during the new moon (Aaron and Wisby, shrimp to hop from their burrows (Keseler,
1964). Photoaotivation and phototaotic 1965)., The intensity of the response leasenpg
‘drive varied with shrimp size but not with Hh;n)the shrimp is shooked repeatedly (Nalaan,
sex, | S | 1962 ), | | -
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4  POPULATION
4.1 Struoture
.11 BSex ratio

Saloman (1965) reported a sex ratio of
"~ about 1:1 after examining 11,695 juvenile
pink shrimp from Tampa Bay, Florlda. Idyll
(1964) also reported a sex ratio of about
131, but he noted (as did Broad, 1951) that
the ratio may vary with ‘Beason and pize of

: nhrimp.

4412 Age aumpuaitidn

Age numpnaitinn uf the commercial natuh' |

varies with recruitment, migration, mnrtality;
and prautiues of the fiah1ng fleut. | |

Age at various 1ife stages oan bu ‘entima~
ted with size-age oconversions provided by
- Kutkuhn (1966}, ' The youngest pink shrimp
for commeroial use ara captured in the bait
shrimp industry. These shrimp are about
6 wk old, sinoe Saloman (1965) has reported
bait shrimp marketed as small as 47 mm total
length, Male and female shrimp that reach
sexual maturity at 75 and 85 mm total length,
respectively (Eldred et al,, 1961), may be
9 or 10 wk old, Kutkuhn (1966) gave 15 wk
(107 mm total length) as the age when shrimp
are first recruited to the Tortugas fishery, .
where they have a fishable life span of ahnut
68 wk, He also estimated 83 wk as the
average maximum age,  Absolute maximum age is

‘not known, but Eldred et al. (1961) suggested

that specimens 200 mm tutnl length may be
2 yr old or more,

4.13 size ubmpnsitinn

a Size anmposltiun varies aimllarly to agu
| nnmpnnitinn. (Sea 4.12,)

. ¢ in gen&rally true that small, immature

pink shrimp live near shors, and large, maiure
~ individuals offshore, Size incoreases with

depth of water (Iversen, Jones, and Idyll,
1960), Shrimp caught in Tampa Bay, Florida,

ranged from 11 (Eldred et al., 1961) to 144 mm
total length {Saloman, 1965)., 0»n the Tortugas -

grounds, however, shrimp ranged from about
49 to 230 mm total length (Iversan, Jones
and Idyll, 1960),

Size uumpuuitiuﬁ aleo varies aaﬁauﬁnlly-

- In Tampa Bay, the smallest average pize (about

31 mm total length) was in the summer and the
largent (about 82 mm total length) in the
late spring (Eldred et al., 1961), Length-
frequency deta from the T Tortugas fishery
(Hhaelar, Benton and Hudson, 1965) showed

~ that ghrimp with the smallest average sizes
(about 95 mm tntal length) were auught in -

April and the largest ones (ahuut 140 mm
total length) in September,

The Bl ze nnmpnsitinn of captured pink

~ shrimp is affected by the time of day that
- fishing is done, In Tampa Bay, the largest

shrimp wers caught at night (Eldred et al,,
1961; Saloman, 1968), |

Conversione of size measurements were
given by Kutkuhn (1962 ), Kutkuhn (1966),
and Fontaine and Neal {(1968), Formulas
for the total length~total weight relation-

ship in pink shrimp are as follows:

fenale, w. = 5,06 x 1067 3.12

sale, ¥ = 4.49 x 10-6¢ 3.13 (Kutkuhn, 1966) .

(see 3.11, 3,12 and 4,.12)

4,2 Ahundanna and danaitz of
EnEulatinn

4;22, Changes 1in abundanae

Fishing effort and pradticga are
variable, but in certain areas, such as the

" Tortugas grounds, landings may reflect

actual changes in abundance, Monthl

changes in abundance by area {(Fig. 5),

were compiled from Fishery Statistios of

the United States {(United States Bureau of
Commercial Fisheries) and Kutkuhn, 1962a,
Annual landings by United States vessels

are listed in Table I, For areas of capturs,

- see Fig, 2.

Seasonal and gungrnphiu changes in
abundance as well as annual fluctuations

~ may result from varying oceanographio

conditione, (See 2,3, 3.16 and 4.33.)

The exploitation of newly recruited

shrimp may affect annual yields in the
| Tartugaa fiahery (Kutkuhn, 1962:)

Annual landinga from tha Tartugaﬂ -

"gruunda showed "No marked changes or itrends’

«es™ from 1951 to 1565, slthough they

fluotuated from year to year (Berry, 1966).

4.2 Chaﬁgan in density

~ Kutkuhn (1962a) found that oatch-per-
unit intensity values were highest in the
Tortugas fishery in the late autumn and
lowest in the spring:; He noted a downward
trend in the Tortugas annual population
from 1956 to 1959, but a population buildup
from 1956 to 1958 for the Apalachiocola
(Plorida) area, followed by a decline in

Gn'the:Tartugas.gruundn. shrimp are

- noet dense in the shallowest waters and

least dense in the daapuﬂt Hlturu (Lindner,
1966)
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TABLR I |
- Annual landings (mntric tunl, whole itight) pink lhri-p hy'ﬂhit-d

States vessels and area of capture, 1951-66 4. Dat: for ourli&r-:nar-.
mot available for all_:rulp j

Hzxicu;'

@nIvIoNp ‘¢ enesued TOLS/BEA

Year North South Carolina Sanibel- Apalachicola Pensacola to Mississippl Texas west of  Mexico,

| Carolina Georgia-Florida Tortugas o - Missimaippi - River to S long. Obregon- =~
east coast o | " River . Texas o | 94°W = Campeche

1951 - -- 8,314, 2 - - - -- - 3,550.6

_1952 - - 4,952.4 | | =- | - I - N = N 9,931,2'

1953 .- - 7,529.3 - e e == == .13,961.8

1954 - - 7,893.9 - - R - - -=  10,748.6
1955 -- -- ,916.3 e em - a- .- 10,4984

1956 - - 9,246,9 - 577.%9 345.5 1.1 . 26.9 2,1  10,601.5

1957 961.0 17.4 7,209.9 388.2  380.9 0.06 3.0 0 - 9,193.4

1958 368.8 4.7 10,665.3 1,080.5  82.0 8.2 54,6 4.3  5,306.8

1959 934.8 0.3 6,011.2 4.8 - 121.4 - 4.4 6.9 6.9  7,085.8

1960 556, 3 0 10,670.1  343.0 49,1 0.03 47.3 3,1 . 7,998.9

1961 792.8 0 8,070,8 904.6 - 151.8 7.2 - 30.3 ki ) 8,192 4

1962 1,018.0 1.0 5,391.9 682.9 - 45.6 0.04 1.7 8.0 3 753.1

1963 251.4 0 7,733.7 1,408.8 154,6 0.3 8.6 4.6 ?,340.?

1964 878.5 5.2 9.013.5 1,176.8  70.0 3.5 29.4 6,2 8,361.1

1965 765.3 0 9,306.0 1,304.8 29.0 . 3.1 10,9 2,4 7,896.2

1966 240,1 0.8 9,649.0 453.9 | 36.4 1.2 23.2 2.9 2,772.6

1/ 195155 from Idyll (1964); 1956-~-66 :umpilad from Fishery St:tinti:l pf the United State:,
published annually by the United States Bureau of Commercial Fi.shnri.:l.

- TgGt -
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4.3 Natality and recruitment
4,31 Reproduotion rates

- For survival rates of larvae, ses 3,22
and 4.41. - | |

4.32 Faotors affecting reproduction
(Sﬁﬁ 2,3 and 3;16l).
4,33 Reoruitment

For reoruitment of puntiarvaa.iU'the'
satuaries, see 2,21,

- The relative abundance of juveniles
emigrating from Everglades National Park ovan
be positively correlated with the subsequent
oommercial catoh on the Tortugas grounds
(Yokel, Iversen and Idyll, 1969).

Migration studies {Costello and Allen,
1966) indioate that young adult shrimp are
reorulted to the Tortugas fishery year around,
- Maximum reoruitment is in the spring and
autunn {Berry, 1966). In more northerly pink
shrimp fisheries, reoruitment is seaponalily
more restricted EFig; 5)

- For factors that influence reoruitment,
ses 2.31.31161 3‘34] 3.43, 3.51 and 4,42,

4.4 Mortality and morbidity
4.41 Mortality rates

Mortality rates for the larvas of pink
shrimp have been eastimated as a nearly oconpstant
17 perocent per day (Munro, Jones and Dimitriou,
1968), Only a small percentage of the larvae
produced survive to beocome juveniles,

Estimates of mortality in adult populations
are based on data from mark-recovery experi-
ments and, in one study (Berry, in press), on the
deoline in abundance of age groups, In the
estimates in Table II, derived from experi-
‘ments performed in waters off south Florida,

- & i8 the instantaneous total mortality

ocoefficient; F is the instantaneous ococaffioient

of mortality caused by fishing; and X is the

instantaneous goeffinient of other losses .

in the marking theory, inoluding true natural

mortality (M) plus losses of individuals

- which for any reason begome unavailable for
reogpture, - |

- and

" PRm/B8103 Penasue &, duorarum

4.42 'Fanturu'unuiing or affeoting
mortality | |

Causen of mortality are varied. Period-

| ioally, large numbers of pink shrimp peris!

88 a result of hurricanes (Tabb and Jones,
1962), Oocoasionally, red tide (marine
water whioh is toxio due to exoessive
oonoentrations of the dinoflagellate,
OGymnodinium breve) oauses mass mortality of

pink shrimp (Gunter, Smith and Williamsm,

1947).
4.43 Paoctors affecting morbidity
(BEQ 2;3 ﬂnd:3135;)

4,6 The population in the nummunitx'
and the ecosystem

The optimum habitat for pink shrimp
varies with shrimp size (Eldred, 1962),
Young shrimp prefer quiet, olear, shallow
waters and firm sybetrates, with protective
growth such as turtle grass (Viosca, 1957).
Acoording to Hoese and Jonee (1963),
charaocteristic associates of juvenile shrimp
in & south Texas turtle grass community
wers: rainwater killifish, Lucania parvaj;
mo jarra, Gerres oinereus; pinfish, Lagodon .

rhomboides; goby, Cobiosoma robustum; mud

orab, Neopanope texana; and grase shrimp,

Palasmonetes pugio.

" Adult shrimp typically inhabit offshore
waters that have no seagrasses, The faunal
associates of adult shrimp on the Campeche
grounde in the 11~ to 29-m depth included
the followingt fighting conch, Strombus

alatug; West Indian chank, Xangus angulatus

portunid orab, Portunus spinimanusj redmouth~
ed grunt, Bathystoma aurclineatum rimator;
orgy, Stenotomus caprinus IHildahrand,
1955). (Bee also 2.2 and 2,.3.) -



'TABLE II

Estimates of mortality i'a.'tqs of pink shrimp in Plorida waters

. Source - Z - F X Rates of reduction per
- ' | o 1-week period

Fishing Other losses

' . . . . . . . - ’ ’ .

. Iversen (1962) - © 0.02393 0.05998 e -
- Kutkuhn (1966) 1.51 - 0,96 0.55 - 627 - 42%
. . ! . . ' . . - . ) _
- Berry (1%7)  0.22-0.27 0.160~0,227 0.024-0.061  14.8-20.3%  2.4-5.9%
~ Berry (in press) 0.10-0.16 | == - e am
- ' ~ (males) S | ' | | -
0.07-0,12 - | - - -
o - (females) - - | - - o

Rates of reduction per

2-week period |

Costello and 0,233  0.0689  0,1644 . 6.8% 14.87
-Allen (1968)  0.357 0.1385 £ 0.2185 13.1% 19.77%

| . . . i . . - . - o . -

mreronp ¢p iﬁwuia .GIB L o

- £241 -
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§  EXPLOITATION

51 Fishing aquipment
5.11 GCoars

The fishing gears used in estuaries or
in relatively shallow near-ghore waters to
capture young pink shrimp for bait or food
vary regionally, In North Carolina, fishsrmen
use otter trawls (Bruad, 1951e) and ohannel .
neta {(Guthrie, 1966), Another type of ohannel
net is used in Florida (Higman, 19%2), Also
‘used in Florida are pushnets (De Sylva, 1954),
dipnets (Iversen and Van Meter, 19643 Joyoe,
1965}, bridge nets (Higman, 1952), and roller
frame trawls (Woodburn et al,, 1957; Tabb,
1958). On the Yucatdn Peninsula, Mexiocan
fishermen use beach seines and traps (Idy11,

1964)

| In the shallow water United States
fisheries, most pink shrimp are caught with

roller frame trawls, These trawls usually are

oonstructed of iron pipe and rods and have
rectangular openings 1.8 to 3.0 m wide and
61 to 77 om desp. The hottom parts of the
frames serve as attachments for trawl nets

that terminate in cod ends similar to those

used on amall otter trawls, This gear is
affective .in grassy areas in shellow water,
"Ths rollers (about 127 mm in diameter) move
over the seagrass without uprooting it, and
rakes, built on the frames, prevent large

- objects from entering the frame mouths,

(Otter trawls used in grassy areas soon fill
with uprooted grass and are ineffective,)
Rollier frame trawls used to. catoh live shrimp
fcr bait are emptied ahuut every 10 to 15 min,

Otter trawls are the prinﬂipal gear

~ fished in deep water, The trawls used in thu_ _

United States have besan described by Bullis-

Robas

: (1951)z Knake, Murdook and Cating (1958), and

1959), - The mesh size of the ocod end

of the irawling gear used inshore is typically

25¢4 t0 41.4 mm streioch measure, whereas the

- mesh size of that used offshore is usually 50.8

to 57.2 mm, Thread sizes range from about
36 to 48 in the ood ends, and from 12 to 18
in the body and wings of the trawls, Doors
of the otter trawl vary with trawl size and
' vegpel horsepower, Until about 1957, single
otter trawls with opsnings 24 to 31 m were
‘used in the United States, but at preaant,

- most veesels fish two otter trawls, each

opening 12 to 14 m, Also, & third, small
otter trawl~~ the trynetw- 15 fiahad to
determine the density and size of shrimp at

a particular loocation. 1If it produves good
oAtches, the large nsts are lowered, Trawls

are drngged aboul 3} h at a speed of 2 to 3 kn :_
(3.7 to 5.5 km/h) and then taken abuard, enp-

tiad and rauut.

~ otter trawle and trynet,

Fishing for pink shrimp 1s usually at
night, because these animals typically are
buried in the hottom during the day.

 -REﬂﬂHt1yj trawling gear was developed
that employs an slectrical field whioh

causes pink shrimp to leave their burrows
(Peage and Seidel, 1967) and enables
fishermen to take ahrimp in daylight,

Dssoriptions of various typee of
shrimping gear were given by Dumont and

~ Sundetrom 1961).

5- 12 Boats

Shrimp boats range from 4-m skiffs
powered by outboard motors to 34-m vesasels
with a gross weight of 118 metrio tons
powered by 360 hp diesel engines,

Most vessels used in shallow waters
have wooden hulls and shallow draft and are

-1ess than 15 m long. They are powered by

engines that burn either diesel or gasocline
fuel; most engines are 140 hp or less,

Typical shrimp trawlers used offehore.
are 18 to 21 m long; are powsred by a diesel
engine of 200 to 300 hp, and have a groes
weight of about 61 metrio tons, Hulls are
usually wond, but now steel hulls are being

‘built and are recommended especially for

boats longer than about 18 m, These hoats
generally have a aingle propeller and in-

- corporates a J~drum winch with a power

takeoff from the main engine to handle -the
The development
of large vessels with more power has been
necassary to accommodate tha double-rig

trawls and large otter trawls now in use,

Most shrimp trawlers are of conventional

~ hull design, although at least one catamaran

(double hull) shrimp trawling vessel, 21 m

long, was launched and used in the Gulf of

Mexioo. Aluminum hulls and fibreglase

reinforced hulle may be used in the nanr
future (Cnptivn, 1967). |

Ringhaver (1960) desoribed the design

'and rigging nrrangamants of nhrimp trauling
~ Vessels, - |

- "5.211Fiﬂhiﬁﬁ-ﬁreia
| 521 {eneral gangriphiq ,
diatributiun

Pink shrimp are fiahad throughoﬂt nost

of their range, Williams (1965) observed,
. however, that pink shrimp are not uniformly

abundant and that fiuhurian are “ounauntrltadi
at divaraa painta. - o
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Fishing ﬁreaa are shown in Fig, 2
fisheries for bait or food shrimp in estuaries

or shallow inshore waters ars in North Carolina,

Florida, and Campeche,Mexico {land areas 238
and 3115 (Burkanrnad, 1949; Woodburn et al.,
19573 Idy1ll, 19643 Joyoe, 1965; Costello and
Allen, 19665. The major offshore figheries

are off North Carolina, the Florida west coast,

Alabama, Miseissippi, and Campeohe (land areas
238, 235, and 311§ (Broad, 1951; Kutkuhn,

1962a), By far the largest pink shrimp fisher—

ies are the Tortugas fishery off the southwest
ocast of Florida and the Campeche fishery off

the west coast of the Yuoatén Peninsula {Kutkuhn,

1962a), |
5.22 Geographio ranges

The distanoe of fishing areas from the
coaet varies throughout the pink shrimp range
and with the type of fishery. Bait shrimping
often takes place a few meters from shore,
The Tortugaa fishing grounda, however, extend
from about 83 to 222 km from the mainland
coast (Comtello and Allen, 1968),

9.2} Depth ranges
Depths in which pink shrimp ars caught
vary regionally and with the type of fishery,
Bait shrimp are taken in waters as shallow
a8 C,5 m and most adult shrimp are caught in
waters between 9 and 60 m, |

(See 2,22.)
5.24 Conditiona of the grﬂunda

Offshore shrimp grounds are usually
areas of smooth bottom suitable for trawling,
In the sastern Gulf of Mexico, they "are
charaoterized by sand, shell and coral gravel
and by live ocoral overlying white, gritiy,
caloareous mud” (Springer and Bullis, 1954).
Typlcally, the bottom on the Tortugas grounds
is eilt and mud, with 20 to 25 percent white
coral sand (Idyll, 1964), The Tortugas and
Campeche grounds have dead shell and patches
of coral and sponge (Springer and Bullis,
19544 Hildebrand, 1955), |

| For oonditions of the estuarine and
inshore fishing grounds, mee 2,3, |

5¢3 Fishing seasons

5¢31 Oeneral pattern of seasons

Area
.Sanihei—Tﬁrtugaa 17,519
Obregon~-Campeche 22 236.

. Mz jor

17,356 20,690

FRm/S10 ranfAous d. duhorarum

Fishing seasons vary with the typs of
fishery and with geographia lonation. 1In
North Carolina estuaries, juvenile pink
shrimp are caught for food during May, June
and July (Burkenrnnd, 1949). In south Florida
esiuaries, such as Biscayne Bay, juveniles
are taken for live bait throughout the year
(Saloman, Allen and Costello, 1968), Hers,
peak ocatches ars in the winter and spring
(Weloh, 19653 Jones and Smith, 1966),

Seasonal variations in offehore
fisheriea for adult pink shrimp are shown
in Fig, 9, Off North Carolina, South
Carolina, Georgia, and northeast Plorids

(South Atlantio fishery), shrimp are taken

from April to December; caiches are greatest
in June and October, Off southwest Florida
(Sanibel-Tortugas grounds), the fishing
seafdon is year around, and ocatches are
highest in the winter and spring. The
fishery near Apalachicola, Florida, is from
Maroch to Aupgust with greatest catohes made
in May, In the Pensacocla-Mississippi River
area, phrimp are taken from April to August
and peak landings are in June. The Obregon-
Campeohe groundms produce large quantities
of shrimp throughout the year with peaks

in the winter and early summer,

5s4 Fishing operations and results

5¢41 Effort and intenpity

The unit of effort in United States
otter trawl fisheries for pink shrimp is
designated "days fished". This unit,
representing 24 h of fishing effort, ism

‘used by the United Statea Bureau of

Commercial Pisheries in their mtatistical

raports for uniformity in tabulation of
data,

| Fishing effort alsso is reported by

the United States Bureau of Commercial
Fisheries as the numher of trips mads by
commercial fishing vessels in a given time
period. Landings per unlit of Tishiag effort
m&y be calculated from U.S. utatistioal Aata
because landings and effort are reps: ' -

for specifin areas, A few reports deal wita

‘catches per unit area, or both.

The following tabulation, abridged from
Kutkuhn (1962a), shows offshore fishing
effort in the Gulf of Mexioo primarily for
pink shrimp, The units represent the
numbers of 24 h periode fisghed,

Yoaay

i

1 8 1 o
- 17,098

21,491 16,899 19,709
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5t3

Pishing effort and intensity vary because
of shrimp availability, size of shrimp, market
price, weather conditionm, vessel efficienay,
and regulatory measures (Iversen and Idyll,
19594 Iversen, 1962;. In addition, effort
is affected by: (1) seasonal changes in the
number of hours of darkness; (2) changes in
moon phase, i.e,, fishermen report poorer
oatohes when the moon is full than when it is
waning or waxing; and {3) changes in amount
of jellyfish {Aurelis sp.) or algae, i.e.,
excessive amounts clog nets (Iversen and Idyll,

1959),

During the period 1950-59, fishing
effort inoreased on the Tortugas grounds but
total oatoh "remained fairly oonstant™
(Iversen and Jones, 1961). Available
information suggesis & decline in the oatoh
per unit of effort during this period.

542 BSeleotivity

The selectivity of various sizes of trawl
mesh in catohing pink shrimp was reported
by Regan, Idyll and Iversen {1957). They
reported escapement of pink shrimp through
ood ends of varying mesh sizes as shown in
Tavle I1I, |

Berry and Hervey (196%5) «tudied the
selectivity of various mesh (siretohed) sizes
a8 applied to Gulf of Mexico shrimp (epecies
not glven) and suggested that, because large
mesh inoreases fishing power, "the catch of
. large shrimp by nets with 2¥2- and 3-in [63.8-
and 76,2-mn} meshes should be approximately
15 and 20 peroent greater than the ocatsh by

- not complete, are given in Summa

1¥2- or 2- in.[%B.l— or 50.8—m@] mesh
nets.,.trawls with large meshes throughout
will permit some marketable shrimp to escape
and therefore gould profitably be used only
in ocertain situations," |

Market preferenne affecte the mizes of
pink shrimp retained by fishermen in some
areas, On the Tortugas grounds in 1963,

approximately 11 percent of the total oatoh

(by weight) was not landed because the shrimp

 were too small for the market {Wheeler,

Benton and Hudson, 1965), Discarding

deolined from 1563 to 1966, apparently be-
cause of thea inereased value of thu small

shrimp (Berry and Benton, 1969),

5-43. Cltﬂhﬂﬂ_

Monthly and annual recoxds of oatoches
of bait shrimp {mostly pink shrimp), although
of Florida

M
Commercial Marine Landings, whioch is publisghe
ed annually by the Flori & . Board of Conser-

vation.

Total annual yields of pink shrimp in
the offshore waters of the United States
are given in Fishery Statistios of the
United Statem, published by the United
States Bureau of Commeroial Fisheries,

- Table I lists annual landings of pink
- shrimp by United Btates vessels, A oonm-

‘parison of yi

olds from 4different areas is
shown in Fig. 5. | '



- 1527 -

14 . FEm/S103 Penasus d. duorarum

'TABLE IIT

Eucnpnnant of pink uhrimp through ood ende
| of varying mesh sises

Mesh sizel in Shrimp size Escapement
cod end (mm) (number of tails | through cod
| per pound®) | end (percent)

50.8 110 50

83 | 10

51 0

57.2 | 83 30
51 | 10

13 0

63.8 83 40
51 15

33 5

1 Measurement between the midpnints of knots (stretched mesh)

2 1 pound equals 0.45 kg
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6 PROTECTION AND MANAQEMENT | . |
- of regulations applying to pink shrimp ank

6,1 Rﬂgﬂlﬂtﬂrx'flggiglativﬂ2 measuras. | reoommended that the size«~limit law be

repealed., He observed that "The sisge

6.11 Limiintinn or reduotion of ~ distribution of our shrimp on the fishing
total catsh grounds is such that sise limits oause more
| ' -waste than benefit."

The affinianny of geaar fiahing-fnr'pink

shrimp has been oontrolled in certain Florida o Regulationa specifying a sanctuary for
fisheries, Limits are placed on the sige. of small pink shrimp were applied in a seotion
trawling gear used to take live bait shrimp. - of the Tortugas grounds in 1957,  The area

This regulation limits the total gatoh in -~ 18 olosed to trawling when it is determined
Bome areas, | L - thet shrimp smaller than 50 to the pound -
o o | | {0.,4% kg), heads off, predominate in the area.

- 6.12  Protection of portions of - | | |

population In the United States, regulations. that
| . | - apply to commercial shrimp alose oceriain
The uaéfulnasa of certain laws to prataﬁt areas at specified measons in States burdaring

.8mall shrimp is the subjeot of some contro- - the (ulf of Mexico, and in Georgia and the
versy. For example, a 1956 Florida regulation Carolinas., - - |
- placed limitations on the mesh size of aod - '_ ) - - -

- ends of trawls used on the Tortuges grounds, Generally, no restriotions are plaoced
but the regulation was later withdrawm (Idyll, on the use ﬂf pink ah?imp. For the fiﬂhﬁﬂy.“
1957). Another Florida regulation is a "size- in Bisoayne Bay, Florida, however, & regul-
1imit" law designed to prohibit the taking ation specifies that shrimp are to be taken
of undersized pink shrimp in the Tortugas only for use as live bait,

area. Lindner (1966) reviewed the problem
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7  POND CULTURE

Pond qultivation of pink shrimp is just
beginning and information on the sculture of

thie species is soarce, Information on oulture

of related shrimp speoies is provided by Cook
and Lindner (1970), and Lindner and Cook
(1970).

7.1 Procurement of stooks

Ewald (1965) captured large, ripe female
pink shrimp on the Tortugas grounde with a
trymet to obtain spawning stoock, The shrimp
were tranaported to tha laboratory in plastio
garbage cans,

Te3 Sgnwnini'fnrtifiuinl, induoed,
~natural) |

Laboratory spawning of shrimp oaptured
on the Tortugas grounds was desoribed by
Ewald (1965)t "At the laboratory, individual
gshrimp were placed in 15-gallon running
seawater aguaria, Spawning, if it occurred,
was within two days after return to the
laboratory and always in the very early hours
of the morning. Water temperature in aquaria
at times of spawning was 27° and 29° ¢, The
eggs, being demersal, metiled tc the bottom
~of the aquaria. They were present in such
- great numbera that they were visible to the
naked eye and appeared like fine, white
- powder,¥

T.4 Holding of stock |

Ewald {1965) held larval pink shrimp
individually in compartmented plastioc boxes.
Survival was better in Gulf Stream water
Eucaauin) than in Bisocayne Bay water

estuarine). Survival was best and devel-
npmant time least at a water tamparaturo |

_nf 26 Coe

Costelle and Allen (1959) held pink
shrimp in & small salt-water pond with a
sand-mud bottom for 3¥2 mo while the ahrimp
grew from juvenila to adult eize,

In a 1ntar axpsrimant,-juvanila shrimp

- were held in the same pond at water tempera—
. turea ranging from 269 to 33° C and salin~

ity gram 27 to 36%/o0 (Gnatalla and Allen,
1961),

T«6 Foods; feeding

Ewald (1965) provided a mixture of
saveral unicellular algae and a marins yeast
as food for early larval stages of pink
ghrimp, The last mysis stage and early
postlarvae were fed nauplii of hrin& shrimp

(Artemia).
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